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DETERGENT ADDITIVE COMPOSITIONS 
FOR DIESEL FUELS 

The present invention is directed to fuel additive compositions and methods for their 
use in diesel fuels. More particularly, the invention is directed to detergent additive 
compositions containing a low molecular weight polyisobutylene monosuccinimide of 
polyethylene polyamine and an aromatic hydrocarbon diluent. The invention is further 
directed to methods that use such detergent additive compositions in diesel fuels for removing 
and preventing corrosion and deposits in the fuel and lubricant parts of the engine. 

Commercial diesel fuels contain impurities that can lead to deposition of solids and 
gums in engines during fuel combustion. Such engine deposit problems are of greater 
significance for diesel fuels than gasoline fuels because the diesel fuels generally contain 
greater concentrations of high molecular weight materials. The thermal breakdown of such 
materials forms insoluble deposits on the engine that can reduce operating efficiency and, 
ultimately, can lead to corrosion or blockage of fuel injectors and other critical working 
elements of an engine. Insoluble impurities may also be introduced from the external 
environment during processing, transport, or pumping of the fuel. 

One desirable function of a fuel additive is to impart detergency properties upon the 
fuel mixture in order to prevent the unwanted deposition of solids during normal engine 
operation. Ideally, previously deposited materials may also be solubilized by an added 
detergent, potentially increasing engine performance. Materials imparting corrosion 
protection properties are additionally desirable in extending the lifetime of the engine. 

Succinimide compounds have been used as detergents for fuel and lubricant 
formulations wherein the succinimide compounds are generally dissolved in a diluent fluid of 
oils or glycols. For example, U.S. Patent No. 5,518,511 discloses the use of a gasoline 
detergent composition containing polyisobutylene succinimides and diluent oils such as mono 
end-capped polypropylene glycol, as well as other components such as anti-oxidants, 
dehazers, and deicers. 

U.S. Patent No. 5,334,228 discloses deposit control additives and fuel compositions 
containing polyalkenyl succinimides and diamondoid carrier fluids such as adamantane, 
diamantane, triamantane, and tetramantane. U.S. Patent No. 5,114,435 discloses a 
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preferably triethylenetetramine. The polyisobutylene monosuccinimide of polyethylene 
polyamines may be prepared by conventional methods from immediate precursors 
commercially available from Amoco Chemical Company and Aldrich Chemical Company. 

The polyisobutylene monosuccinimide compound is preferably present in the 
detergent additive composition in an amount of about 50% to 80% by weight, and more 
preferably in an amount of about 70% by weight. When the detergent additive composition is 
added to a diesel fuel, the polyisobutylene monosuccinimide compound is preferably present 
in the diesel fuel composition in an amount of about 10 PTB to 300 PTB (pounds per 
thousand barrels of fuel), more preferably in an amount of about 20 PTB to 150 PTB, and 
most preferably in an amount of about 25 PTB to 100 PTB. 

The detergent additive composition preferably contains a hydrocarbon diluent, which 
is preferably an aromatic hydrocarbon diluent. For example, the hydrocarbon diluent may be 
toluene extract, Shellsolv AB, xylene, Aromatic 150, Aromatic 100, Aromatic 200, and HAN 
857, and more preferably Shellsolv AB. Shellsolv AB is commercially available from Shell 
Chemical Company. Toluene extract, xylene, Aromatic 150, Aromatic 100, Aromatic 200, 
and HAN 857 are commercially available from Exxon Chemical Company. The hydrocarbon 
diluent is preferably present in the detergent additive composition in an amount of about 20% 
to 50% by weight, and more preferably in an amount of about 30% by weight. 

In a preferred embodiment, a diesel fuel composition according to the invention 
comprises a major portion of a middle distillate fuel oil boiling in the range of 340°F to 
620°F, and a minor portion of the diesel fuel detergent of the present invention. Diesel fuels 
containing less than 500 parts per million sulfur are generally regarded as low sulfur diesel 
fuel. The inventive detergent additive composition is preferably added to a diesel fuel in an 
amount sufficient to remove or prevent deposits on an engine when it is run with such a diesel 
fuel composition and to thereby prevent corrosive effects from such deposits. More 
preferably, the inventive detergent additive composition is added to a diesel fuel in an amount 
from 10 PTB to 300 PTB of active detergent in the diesel fuel. The inventive detergent 
additive composition can be used in both high and low sulfur diesel fuel. 
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1290 (H-300). The Cummins N-14 test measures change in the flow rate of a fluid through 
an injector orifice. Corrosion of the injector results in an increased flow rate. Addition of 
protective agents to the fluid may prevent or minimize the increase in flow rate through the 
orifice. Increases of less than 0.6% are rated acceptable, while increases of less than 0.03% 
are rated superior. 

Mixtures of the H-300 polyisobutylene monosuccinimide of triethylenetetramine in 
Howell base fuel were made at 50, 100, and 150 PTB (pounds per thousand ban-els of fuel), 
and a mixture of the H-100 polyisobutylene monosuccinimide of triethylenetetramine was 
made at 75 PTB. The four mixtures and a control liquid of Howell base fuel without 
corrosion protection additive were assayed by the Cummins N-14 corrosion test. The results 
are shown in Table 1 . 



Table 1 : Cummins N-14 Corrosion Protection Test 



Fuel additive 



Flow rate increase in volume percent 



None (Howell base fuel) 
50 PTB H-300 polyisobutylene 
monosuccinimide of TETA 
100 PTB H-300 polyisobutylene 
monosuccinimide of TETA 
150 PTB H-300 polyisobutylene 
monosuccinimide of TETA 
75 PTB H-100 polyisobutylene 
monosuccinimide of TETA 



7.2% 
3.3% 

2.1% 

2.1% 

0.2% 



The results clearly show the efficacy of the H-100 polyisobutylene monosuccinimide 
of triethylenetetramine in protecting the injector from corrosion. Fuels containing the H-300 
polyisobutylene monosuccinimide of triethylenetetramine show greater corrosion protection 
relative to untreated fuel, yet show flow rate increases higher than the 0.6% necessary for an 
acceptable rating. Fuel containing the H-100 polyisobutylene monosuccinimide of 
triethylenetetramine at 75 PTB shows corrosion protection at the acceptable rating of below 
0.6% increase in flow rate. 



WO 98/12232 



PCTYUS97/16521 



-6- 



10 



15 



20 



Example 3. Cummins L-l 0 detergency test 
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detergency assay. The results are shown in Table 2. 

Table 2: Cummins L-IO Detergency Test Results 

Fuel additive n, • 

Basic nitrogen Flow rate CRC Rating 
decrease in 
volume percent 

None (diesel fuel) Q 

50 PTB H-300 polyisobutylene 0 38 I t 25 ' 2? 

monosuccinimideofTETA 228 
100 PTB H-300 polyisobutylene 0 76 

monosuccinimide of TETA 131 
150 PTB H-300 polyisobutylene j ]4 d8 

monosuccinimideofTETA '^- 2 



75 PTB H-l 00 polyisobutylene 0 75 

monosuccinimide of TETA 



1.0 9.4 



These results demonstrate the superior detergency properties of the H-,00 
Po.y.sobutylene monosuccinin.de of triethylenete^ine as measured by both flow 1 
decrease and the CRC rating scale. Based upon the basic nitrogen co tent diesel Z 
«— * 150 PTB H-300 polyisobutylene m onosuccmimide of tHethylenetetl Z 2 
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be expected to have the best performance in an L-10 detergency assay, as basic nitrogen 
content is a general indicator of detergency properties. The superior performance of the H- 
100 polyisobutylenc monosuccinimide of triethylenetetramine therefore runs counter to 
predictions based upon nitrogen content. 

Example 4. MWM-B oil deposit test 

The MWM-B oil deposit test determines deposit tendencies in the piston area of a 
single cylinder diesel engine operating at 2200 rpm for 50 hours. In our modification of the 
test, the base fuel and oil were kept constant and the amount and type of additive in the fuel 
was varied. Fuels containing additives are compared to a reference high sulfur diesel fuel 
(1.0% sulfur content). An additive's effect on ring sticking, wear, and accumulation of 
deposits is determined with a piston rating, where a higher value denotes better performance 
of the piston. 



monosuccinimideof TETA 

These results shows the beneficial effects of the H-100 polyisobutylene 
monosuccinimide of triethylenetetramine in this test as compared to either base fuel or base 
fuel with the H-300 polyisobutylene monosuccinimide of triethylenetetramine. 

While the compositions and methods of this invention have been described in terms of 
preferred embodiments, it will be apparent to those of skill in the art that variations may be 
applied to the process described herein without departing from the concept, spirit and scope 
of the invention. All such similar substitutes and modifications apparent to those skilled in 
the art arc deemed to be within the sprit, scope and concept of the invention. 



Fuel composition 



Table 3: MWM-B piston cleanliness test 

Piston merit rating 



Base fuel 

Base fuel and H-300 polyisobutylene 

monosuccinimide of TETA 

Base fuel and H-100 polyisobutylene 



56 
46 



61.8 
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CLAIMS: 

I. A detergent additive composition for diesel fuel comprising a 
monosuccinimide of the formula: xylene 




0 

100 and M is an integer from 1 to 5; and 
an aromatic hydrocarbon diluent. 

2. The composition of claim ,, wh e re i„ ffle concentration of the polyisobutylene 
> monosuccmmide in the additive composition is about 50% to 80% by weight. 

l ^ ™» * 2, wherein the concentration of the polyisobutyiene 
monosucamm.de m the additive composition is about 70% by weight. 

4. The composition of claim ] , wherein M is 3. 

5. Tta common ofcta U^-m^t^,.^^ 
solve* seieced ta „ ^ of ^ exmci shei|M]v ^ ^ 

OU, Aromatic 100, Aromatic 200, and HAN 857. 

^ The co mp „ sW „„ of elaim 5> wherei „ fte ^ Mrocaibon ^ _ ^ 
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7. The composition of claim 1, wherein the aromatic hydrocarbon diluent is Shellsolv 
AB and M is 3. 

8. A diesel fuel composition comprising 
a diesel fuel and 

a detergent additive composition comprising 

a polyisobutylene monosuccinimide of the formula: 

O 



9. The diesel fuel composition of claim 8, wherein the aromatic hydrocarbon diluent is 
an aromatic solvent selected from the group consisting of toluene extract, Shellsolv AB, 
xylene, Aromatic 1 50, Aromatic 100, Aromatic 200, and HAN 857. 

10. The diesel fuel composition of claim 9, wherein the aromatic hydrocarbon diluent is 
Shellsolv AB. 

1 1 . The diesel fuel composition of claim 8, wherein M is 3. 




wherein R is a polyisobutylene group of number average molecular weight between 900 and 
1 100 and M is an integer from 1 to 5; and 

an aromatic hydrocarbon diluent. 



12. 



A method of making a diesel fuel composition comprising 

blending a diesel fuel and 

a detergent additive composition comprising 
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a polyisobutylene monosuccinimide of the formula: 
0 




10 



0 

00 and M is an integer from 1 to 5; and 

an aromatic hydrocarbon diluent. 

13- The method of claim 12, wherein the aromatic hydrocarbon diluent is an a, " 
150,Aro m aHclOO,A romal i c 200, M ,dHAN857. °.™*wc 
I* ^^»fc.a ta .3,wH Ere i„ lhcMtichydrocarbondi|ueni . SMso1vab 
15. The method of claim 1 2, wherein Mis 3. 

dies I ^ me,h0 ! f " ' en, ° Vin8 " 3 ^ ** 

a polyisobutylene monosuccinimide of the formula: 

0 
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wherein R is a polyisobutylene group of number average molecular weight between 900 and 
1 1 00 and M is an integer from 1 to 5; and 
an aromatic hydrocarbon diluent. 

17. The method of claim 16, wherein the aromatic hydrocarbon diluent is an aromatic 
solvent selected from the group consisting of toluene extract, Shellsolv AB, xylene, Aromatic 
1 50, Aromatic 1 00, Aromatic 200, and HAN 857. 

1 8. The method of claim 1 7, wherein the aromatic hydrocarbon diluent is Shellsolv AB. 

1 9. The method of claim 1 6, wherein M is 3. 

20. The method of claim 16, wherein the effective amount of detergent additive is about 
10PTBto300 PTB. 

21. A method for preventing engine deposits in a diesel engine comprising running the 
diesel engine with a fuel containing an effective amount of a detergent additive composition 
comprising 

a polyisobutylene monosuccinimide of the formula: 




wherein R is a polyisobutylene group of number average molecular weight between 900 and 
1 1 00 and M is an integer from 1 to 5; and 

an aromatic hydrocarbon diluent. 
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22 The .fed of Mm 21 , ^ fc ^ ^ ^ _ 

. «* ta. fc „ consisting of BhlaK ^ ^ ^ ^ 

Aromatic 100, Aromatic 200, and HAN 857. 

23. The method of claim 22, wherein the aromatic hydrocarbon diluent is Shellsolv AB. 

24. The method of claim 2 1 , wherein M is 3 
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